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ABSTRACT

An end-to-end point design, including lidar, orbit, scanning, atmospheric, and data processing parameters, for
space-based global profiling of atmospheric wind will be presented. The point design attempts to match the recent
NASA/NOAA draft science requirements for wind measurement.

INTRODUCTION

The global measurement of vertical profiles of horizontal winds throughout the troposphere continues to be a
highly desired, unmet need of NOAA, the National Polarorbiting Operational Environmental Satellite System
(NPOESS) Integrated Program Office (IPO), NASA, DOD, and other organizationsl. Recent global wind measurement
activities by the joint NASA/NOAA Global Tropospheric Winds Sounder (GTWS) program have included the formation
of a Science Definition Team (SDT), the formulation by the SDT of draft science requirements with public release for
comments?, the generation of point desi gns3 for both coherent-detection and noncoherent-detection (direct) Doppler wind
lidar systems in space matched to the draft science requirements, and both space instrument designs and space mission
designs for both lidar types, based on the point designs. The instrument and mission designs were performed,
respectively, by the Instrument Synthesis and Analysis Lab (ISAL)4, and Integrated Mission Design Center (IMDC)5 at
NASA Goddard Space Flight Center. The purpose of this paper is to present the coherent-detection Doppler wind lidar
point design results.

DRAFT SCIENCE REQUIREMENTS

The joint NASA Earth Science Enterprise (ESE)/NOAA National Environmental Satellite Data and Information
Service (NESDIS) “draft Global Tropospheric Winds Sounder (GTWS) Science and Operational Data Specification”
was released on 16 October 2001. The wind measurement requirements, the atmospheric environment parameters, and
the spatial resolution and coverage requirements were defined since Doppler wind lidar measurements involve a close
interdependence of these areas. Two complete sets of numbers representing “threshold” and “objective” wind missions



were listed. The “threshold” requirements were deemed to represent the minimum data requirements that would result in
a meaningful impact on science and operational weather prediction. An orbit height was not specified. The GTWS chose
to concentrate on the “threshold” mission, and to specity a 400-km orbit height for internal consistency. The full
requirements document may be accessed on the Internet”. A brief synopsis is presented in Table 1, but the entire
document is needed for full specification. The locations directly under the orbiting satellite on the earth’s surface are
referred to as the track.

Table 1. Draft NASA/NOAA Threshold Wind Data Product Requirements

Vertical depth of regard of wind measurements (DOR) km 0-20
Vertical resolution:
Tropopause to top of DOR km Not required
Top of BL to tropopause km 1
Surface to top of boundary layer (BL) ( BL specified = 2 km) km 0.5
Vertical location accuracy of line-of-sight (I.OS) wind measurements km 0.1
Horizontal location accuracy of LOS wind measurements km 0.5
Number of collocated LOS wind measurements for horizontal™ wind calculation - 2 = pair
Allowed angular separation of .OS wind pair, projected to a horizontal plane degree 30-150
Maximum allowed horizontal separation of .LOS wind pair km 35
Maximum horizontal extent of each horizontal” wind measurement km 100
Maximum along-track horizontal spacing of horizontal” wind measurements km 350
Minimum horizontal cross-track width of regard of wind measurements km +400
Minimum number of cross-track locations for horizontal® wind measurements” - 4
Maximum cross-track spacing of adjacent cross-track locations km 350
Maximum design horizontal wind speed:
Above BL m/s 75
Within BL m/s 50
Maximum 1o LOS wind random error, projected to a horizontal plane; from all m/s 3
lidar, geometry, pointing, atmosphere, signal processing, and sampling effects®
Design 1 6 wind turbulence level m/s 1.2
Maximum [LOS wind unknown bias error, projected to a horizontal plane m/s 0.1
Minimum design a priori velocity knowledge window, projected to a horizontal ns 26.6
plane (using nearby wind measurements and contextual information)
Design cloud field:
Layer from 9-10 km, extinction coefficient k! 0.14
Layer from 2-3 km, 50% of lidar shots untouched, 50% blocked % 50, random
Acerosol backscatter coetficient: 2 vertical profiles provided m-1sr-1 Provided
Aerosol backscatter:
Probability density function (PDF) m st Lognormal
PDF width m-1sr-1 Provided
Atmospheric extinction coefficient: 2 vertical profiles provided k' Provided
Minimum wind measurement success rate, referenced to these requirements, % 50
including two specified cloud layers
Orbit latitude coverage degree 8ON to 80S
Downlinked data - All raw data
Mission life year 2

AHorizontal winds are not actually calculated; rather two L.LOS winds with appropriate angle spacing and
collocation are measured for an “effective” horizontal wind measurement. The two L.OS winds are reported to the user.

BThe 4 cross-track measurements do not have to occur at the same along-track coordinate; staggering is OK.

“The true wind is defined as the linear average, over a 100 x 100 km box centered on the LOS wind location, of

the true 3-D wind projected onto the lidar beam direction provided with the data.



SPACE-BASED COHERENT DOPPLER WIND LIDAR POINT DESIGN

The specifications in the draft science requirements, probably the most comprehensive ever done, eliminated
much of the usual trade space in generating a point design. We chose a step-stare lidar scanner capable of pointing
anywhere on the surface of a cone with a half angle of 45 degrees, and centered in the nadir direction. Combined with the
required 400 km orbit height, the possible intersection points of the lidar beam with the earth was a circle with a great
circle radius of 414 km. (We neglect here the variation in earth’s radius with location. Many important and perhaps
subtle aspects of lidar wind measurement from space have been published elsewhere6'“.) The slant range to the earth
surface was 585 km, the nadir angle in the troposphere varied slightly with altitude about 48.6 degrees, and the delay
time from laser firing to receiving return signal varied slightly with altitude about 3.8 ms. The horizontal wind velocity
was reduced by a nadir angle factor 0.75 for the LOS wind measurement, but the total LOS wind measurement error was
amplified by a nadir angle factor 1.33 for projection into the horizontal.

Table 2. Coherent Lidar Point Design Parameters

Orbit height km 400
Orbit inclination angle: (sun-synchronous) degree 97.03
Scanner type: rotating telescope, step-stare

Lidar scanner nadir angle degree 45
Number of scanner azimuth angles - 8
Azimuth angle sequence: 114, 73.8, -18.4, -155, -109,-64.2, 25.3, 152 degreesA

Optical wavelength micron 2.0518
Pulse energy J 5
Pulse repetition rate Hz 12
Pulse duration (Gaussian temporal shape) ns 180
Telescope diameter m 0.75
Lidar system efficiency: - 0.12

Optics transmission terms = 0.63

Optics aberration terms = 0.88

Coherent detection terms = 0.29

Budgeted lidar contribution to return signal misalignment = 0.71

Budgeted non-lidar contribution to return signal misalignment - 0.71
Each LOS wind measurement:

Number of lidar shots combined - 60

Along-track measurement length of combined shots km 36
Sampling error combined with lidar error n/s 0.7
Assumed occurrences in nature of background and enhanced aerosol modes Y% 75, 25
Acerosol backscatter profile percentile used (percent of atmosphere with higher backscatter) Y% 70
Coherent lidar statistical wind measurement success rate % >72
Combined aerosol backscatter and lidar statistics success rate (0.7 x 0.72) % >50

AAzimuth is measured CCW from forward for positive values

Although the satellite tangential velocity was 7680 m/s, the sub-satellite position on the earth advanced at 7220
m/s. The allowed 350 km horizontal spacing of the wind measurements was traveled in 48.5 s. This represents the
maximum allowed time to make wind measurements at all 4 cross-track locations; hence the maximum time to make 8
LOS wind measurements at 8 scanner azimuth angles. We allocated 5 s for each LOS wind measurement and 1.06 s for
each scanner direction change. The 2-micron, solid-state pulsed laser development program at NASA LaRC is obtaining
results favorable to a 12 Hz laser pulse firing rate. Therefore, we chose the accumulation or combination of 60 laser shots
for each 1.LOS wind measurement. For coherent lidar wind measurement with likely frequency estimation algorithms, this
shot accumulation improves the sensitivity of the wind measurement (lowers the required aerosol backscatter coefficient
at a given performance level) by the square root of the number of accumulated shots 2 In our case the sensitivity




improved by 9 dB. This permitted our laser pulse energy and/or optical diameter to be smaller compared to a single shot
wind measurement case. The early work on space-based lidar winds, such as the Laser Atmospheric Wind Sounder
(LAWS), all assumed single-shot wind measurement.

The point design parameters of the coherent lidar and mission are given in Table 2. The azimuth angles and

their sequence provided the required collocation of the fore and aft LOS wind pairs at the equator. Slight adjustments to
the angles will be needed at other latitudes. The vertical profiles of velocity error for both the background and enhanced
aerosol backscatter cases are shown in Figure 1. The vertical profile of the coherent lidar probability of successtul wind
measurement for the assumed occurrence probabilities of the two aerosol cases is shown in Figure 2. Note in Table 2 that
the overall wind measurement success rate is the required 50%. Discussion of these and other results will be presented.
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Figure 1. Background (1) and Enhanced (R) Figure 2
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